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Purpose or Objective: The feasibility of a technique using 
analysis of on-board CBCT images to adapt the dose to the 
target on a fraction by fraction basis was investigated. The 
new approach involves using the dose volume constraints 
(DVCs) as the objective to be met at each fraction. The dose 
to be delivered could be adapted such that dose to the target 
is maximised each day without any organ at risk (OAR) DVCs 
being broken. 
 
Material and Methods: An in-house registration algorithm 
based on phase correlation was used to register CBCT images 
to the planning CT to determine the transformations and 
deformations in the patients’ anatomy. This allowed the 
original plan to be recalculated on the registered CT image 
that provided the position of the target and organs at risk 
(OARs) for that fraction. With this new dose distribution, the 
DVHs and dose volume constraints (DVCs) values were 
determined for each fraction and accumulated by tracking 
throughout the treatment. 
To determine how the dose could be changed, the DVCs were 
used as limits such that the dose that could be delivered 
would result in the tightest constraint being just met. 
Therefore, the dose was increased until that point or, if a 
DVC was already broken for a given fraction, the dose could 
be reduced by the minimum amount required to ensure that 
the DVC was within tolerance. 
11 patients who underwent prostate treatment were 
retrospectively investigated for this feasibility study. IMAT 
plans consisting of 2 arcs were designed to deliver 74 Gy in 37 
fractions of 2 Gy each to the target. The patients were 
imaged prior to treatment with an on board CBCT imager for 
between 9 and 14 fractions (121 in total). The relevant DVCs 
can be found in Table 1. 
 
 
 
Results: Three of the patients investigated could have 
received higher doses during their treatment without 
breaking their OAR DVCs. In the remaining 8 patients, for 
only 3 fractions (out of 88) could an increase in dose been 
given while staying below the DVC limits. 
The largest individual increase possible for all the imaged 
fractions was of 0.560 Gy. If all changes were made, the 
accumulated increase in dose possible for the three patients 
were 3.98 Gy, 6.89 Gy, and 7.70 Gy, weighting all fractions 
equally and assuming the imaged fractions were 
representative of the patients’ entire treatment. 
 
Conclusion: Analysis of the anatomical condition of the 
patient on the day of treatment can give an indication of how 
suitable the original plan for their treatment is. Adapting the 
dose to be delivered to the patient on a fraction by fraction 
basis has the potential to allow for significant dose escalation 
while staying within institutional DVCs. This could be 
particularly useful in the hypofractionation of treatments. 
Although it is unlikely that in the clinic the dose level would 
be reduced below 2 Gy per fraction, it was also included in 
the calculations here to see how it could theoretically impact 
the treatment. 
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Purpose or Objective: In the context of head and neck 
cancer (HNC) adaptive radiation therapy (ART), this study 
aimed to quantify the dosimetric benefit of various 
replanning frequencies and timings with regard to sparing the 
parotid glands (PG).  
 
Material and Methods: Fifteen locally-advanced HNC patients 
had one planning then six weekly computed tomography (CT) 
scans during the seven weeks of IMRT. Weekly doses were 
recalculated without replanning or with replanning to spare 
the PGs as at the planning. A total of 63 ART scenarios were 
simulated by considering all the combinations of numbers and 
timings of replanning. The cumulated doses corresponding to 
“standard” IMRT (no replanning) and ART scenarios were 
estimated using deformable image registration. Finally, these 
doses were compared to each other and the planned dose by 
using a Wilcoxon Signed-Rank-Test. 
 
Results: The median PG overdose using “standard” IMRT, 
compared to the planned dose, was 1.24 Gy, with a maximum 
of 9.45 Gy. 
The table represents the best scenario for each number of 
replannings, the corresponding mean (min – max) cumulated 
dose, the difference between the planned and the cumulated 
delivered dose. Each ART scenario is better than the planned 
or delivered dose (p < 0.05). 
 
 
 
Table : Best scenario by number of replannings. The mean PG 
planning dose was 30.94 Gy (9.26 – 54.64) 
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Comparing with the standard IMRT scenario, the most 
effective ART scenario was the one with six replannings, 
leading to a decrease of 4.94 Gy (12.22Gy max.) 
86 % of this benefit was obtained with 3 replannings only (at 
week 1-2-5). 
If only one replanning should be applied, it should be done at 
the first week. 
 
Conclusion: Each supplementary replanning leads to a 
decrease of the mean PG dose. 
Early replanning proved the most beneficial for sparing the 
PG. Considering the maximum benefit obtained with six 
replannings, almost 90% of this benefit was obtained with 
only three replannings (Weeks 1-2-5), thus representing an 
attractive combination for ART in locally-advanced HNC. 
 
Poster: Physics track: CT Imaging for treatment 
preparation  
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Purpose or Objective: MRI is increasingly applied for 
radiotherapy target delineation. Recent studies have 
demonstrated a possibility to omit CT imaging from the 
radiotherapy treatment planning workflow by developing 
methods enabling the entire process by relying on MRI only. 
The HU conversion technique has been shown to construct 
heterogeneous CT-representative (pseudo-CT) images for 
prostate cancer patients by transforming the intensity values 
of an in-phase MR image into HUs with separate conversion 
models for soft and bony tissues. The technique has been 
implemented into a routine MRI-only based radiotherapy 
treatment planning workflow in our clinic. This study aims to 
investigate whether the pseudo-CT construction technique 
could be adopted for different patient groups, also in 
different body sites in addition to the male pelvis. 
 
Material and Methods: The examinations were conducted by 
investigating the correspondence between the MR image 
intensity values and CT image HUs for different tissues. The 
data were applied to develop HU conversion models to 
transform the MR image intensities into appropriate HUs. In 
the absence of air cavities, the method was applied as a dual 
model HU conversion technique with separate conversion 
models within and outside of a bone segment obtained by 
atlas and threshold -based segmentation methods. An 
additional air segment was constructed in the presence of air 
cavities. An ultra-short echo-time sequence was applied to 
recognize boundaries between air and bone cortex with an 
intensity threshold. The constructed HU conversion models 
were employed with a medical image processing software, 
and applied for head (10 patients), pelvis (10), abdomen (2), 
and limbs (2). The obtained pseudo-CT images were tested by 
comparisons against standard CT images. The tests included 
evaluation of HU uncertainty and photon dose calculation 
accuracy. 
 
Results: The HU conversion technique enabled construction 
of heterogeneous pseudo-CT images for various body sites. 
The duration of MR image intensity value transformation into 
HUs was roughly 30 seconds for each image series. Figure 1 
shows examples of the resulted pseudo-CT images with the 
original MR images. Table 1 presents the local HU differences 
between those in pseudo-CT images and those in standard CT 
images. The target volume mean dose differences between 
those in pseudo-CT images and those in standard CT images 
were within 1% in all cases. 
 
 
 
 
Conclusion: The HU conversion technique can be adopted for 
various body sites to enable construction of heterogeneous 
pseudo-CT images for MRI-only based radiotherapy treatment 
planning. The conversion models should be adjusted for each 
site separately to improve pseudo-CT image quality; e.g. for 
abdomen. Further examinations are ongoing. 
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Purpose or Objective: The main drawback of CT is poor soft 
tissue contrast. This research aims to develop an accurate 
respiratory-correlated four-dimensional MRI (4D MRI) method 
analogous to 4D CT with a clinically relevant acquisition time 
and superior contrast for abdominal structures. 
 
Material and Methods: We developed a 4D MRI method by 
alternating a fast (0.6 seconds per 2D slice) T2-weighted 
turbo spin echo image acquisition (resolution: 1.3 x 1.6 mm²; 
5 mm thickness) with a 1D navigator acquisition. The 
navigator obtained the diaphragm position prior to each slice 
acquisition. The total acquisition was done continuously 
during free breathing for 6 minutes, covering multiple 
respiratory cycles and yielding 60 image frames per slice over 
a volume of 11 slices.  
